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Screening assay for anti-bacterial compoimds 

The invention relates to methods of screening for compounds having anti-microbial 
efiScacy. More specifically the invention relates to traoscription/translation assaj^ for 
the identification of compounds that exhibit inhibitory effects on bacterial growth. 

Background 

The growing incidence of infections caused by Gram-positive' pathogens resistant 
against multiple antibiotics became a major and rapidly growing clinical problem [1]. 
One approach to address this problem is the identification of novel antibacterial 
substance classes showing efficient lolling of resistant bacteria by a novel mode of 
action. 

Prokaryotic transcription and translation are essential processes in bacterial growth, 
which can be efficiently inhibited by marketed antibiotics. Rifampicin acts as an 
inhibitor of bacterial RNA polymerase, thereby interfering with bacterial 
transcription. Macrolides, aminoglycosides, tetracyclines and oxazolidinones act on 
bacterial translation. Unfortunately, upcoming resistance mechanisms particularly in 
Gram-positive pathogens, e. g. staphylococci^ pneumococci and enterocococci, 
against these and other antibiotics reduced or abolished the effectiyeness of these 
drugs in antibacterial therapy. 

Nevertheless, bacterial transcription and translation processes are regarded. as an 
useful target area providing the potential to identify novel inhibitory compoxinds. 

Bacterial in vitro coupled transcription/translation (T/T) assays for E, coli are known 
to the person skilled in the art [7, 8] and a T/T assay is commercially available firom 
Promega (Madison, Wisconsin, USA) for this organism. Other assays for Gram- 
positive bacteria, which are known to the person skilled in the art, are either 
radioactive assays [9] or are appUcable only for S. aureus [2]. 
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Recently, ail E. coli in vitro coupled traoscriptioii/translation assay [10] was 
disclosed which was ad^ted to a high-throughput screening (HTS) format 

Based on the above mentioned state of the art, it is an object of the invention to 
provide improved methods for screening for anti-bacterial compounds, overcoming 
the various shortcomings of the present state-of-the-art screening methods of the 
above. 

Description of the inventioa 

The current invention relates to in vitro coupled transcription/translation assays. 

One aspect of the current invention relates to a non-radioactive in vitro coupled T/T 
assay using firefly luciferase as a reporter gene and S30 extracts firom Gram-positive 
pathogens (see Example 2), e. g. staphylococci, pneumococci and enterococciy which 
is suitable for the rapid identification of novel transcription/translation inhibitors. 

Another aspect of the current invention relates to the constraction of the plasmid 
pT7-FF, which enables a non-radioactive in vitro coupled transcription/translation 
assay suitable for all important Gram-positive pathogens including staphylococci^ 
pneumococci and enterococci. 

Still another aspect of the invention relates to an assay that employs S30 extracts 
firom Gram-positive bacteria and/or one of two reporter plasmids, referred to as pT7- 
FFandpXyl-FF. 

The broad applicability of the assays of the invention for various bacterial species 
due to, e.g., the use of the viral T7 promoter preferably in combination with a Gram- 
positive ribosome binding site, represents one major contribution of the current 
invention to the state of the art. 
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An advantage over the commercially available E. coli (T/T) assay mentioned in the 
preceeding section is the possibility to characterize mutants resistant to inhibitors of 
bacterial transcription or translation in different Gram-positive species, i.e., it can be 
investigated whether resistance of a Gram-positive strain is due to target mutations 
(which should lead to increased IC50 values) or to other mechanism, e.g., reduced 
uptake of the compound by the bacterial cell or enhanced efflux from the bacterial 
cell. 

The described assays facilitate the identLfication of novel potential inhibitors of 
bacterial translation in medically relevant Gram-positive pathogens. 

Two reporter plasmids, pT7-FF and pXyl-FF were constmcted using S30 extracts 
from Gram-positive bacteria, for use in the in vitro coupled transcription/translation 
assay Both plasmids contain the eukaryotic firefly luciferase gene as reporter gene 
enabling a bioluminescence read-out, which can be easily measured. Plasmid pT7-FF 
contains the bacteriophage T7 promoter and the SD sequence from the S. aureus 
capAl promoter [2], whereas plasmid pXyl-FF contains the SD and promoter 
sequences of the S, xylosxis xylA promoter [3] (Fig. 1). Both plasmids, pT7-FF and 
pXyl-FF, can be easily propagated in E. coli, TbQ xylA promoter was choosen 
because of its strong expression in staphylococci [3]. The T7 promoter is also known 
as a strongly transcribed promoter and an in vitro coupled transcription/translation 
assay using S30 extracts from E. coli supplemented with T7 RNA polymerase is 
commercially available from Promega Corporation. Moreover, a radioactive in vitro 
transcription/translation assay driven by the T7 promoter was described for S. 
camosus [4]. 

As can be seen from Fig. 3 the amount of bioluminescence did not correlate with the 
amount of S30 extract used in the in vitro coupled T/T assay. Whereas S30 extracts 
from S, aureus caused increasing luminescent signals when used at higjier 
concentration, an ^optimal" extract concentration was determined for S. pneumoniae 
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and E. faecalis (Fig. 3). Based on these results it can be important that each new 
preparation of a GranoL-positive S30 extract or plasmid DNA for an in vitro coupled 
transcription/translation assay is titrated to determine optimal concentrations for the 
assay, which might even be necessary when equal protein and DNA concentrations 
for the different preparations were determined. The reason for this phenomenon is 
not clear, but it was also observed by other authors [2], It might be that slight 
variations in the transcriptional and translational enzymatic activities in different S30 
extract preparations are the reason for this phenomenon. For an E. coli in vitro T/T 
assay it was assumed that the proper cultivation conditions as well as the 
preincubation step are essential fox the successM isolaticn" of fully active S30 
extracts [5]. Additionally, it was assumed that differences in translational activity 
could be due to differences in post-translational protein modifications [5]. 

The production of in vitro synthesized luciferase is dependent on the concentration of 
template DJSTA, although a plateau of biolimiinescence is reached at a certain amount 
of DNA template, which cannot be further increased (Fig. 2). Whereas pXyl-FF is 
suitable for in vitro coupled transcription/translation assays with S30 extracts isolated 
from S. aureus and E. faecaliSy it results in only low bioluminescence when used as a 
transcriptional template with S30 extracts from S. pneumoniae (Fig. 2a). 
Furthermore, high template concentrations of pXyl-FF are required for optimal 
translation of luciferase by E. faecalis S30 extracts (Fig. 2a). Transcription of the 
xylA promoter seems to be lower by the enterococcal RNA polymerase compared to 
the staphylococcal RNA polymerase and might be nearly inefficient with the 
pneumococcal RNA polymerase. This assumption is fiirther supported by the fact 
that pT7-FF used as a transcriptional template supplied with T7 polymerase results in 
a hi^ production of luciferase with all three Gram-positive S30 extracts (Fig. 2b). 

"% identity" of a first sequence towards a second sequence, within the meaning of the 
invention, means the % idoatity which is calculated as follows: First the optimal 
global aUgnment between the two sequences is determined with the CLUSTAL W 
algorithm [11], Version 1.8, applying the following command line syntax: 
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. /clustalw -inf ile- . /inf ile . txt -output= -outorder=aligned 
pwmatrix=:gonnet -pwdnamatrix=cluEtalw -pwgapopens=lO . 0 -pwgapext=0 , 1 
-matrix=goimet -gapopen=10 . 0 -gapext=0.05 -gapdist=8 

-.hgapresidues=GPSNDQERK -maxdiv:=40. Lnplementations of the CLUSTAL W 
algorithm are readily available at numerous sites on the internet, including, e.g., 
http://www.ebi.ac.uk. Thereafter, the number of matches in the aligmnent is 
detennined by coxmting the number of identical nucleotides (or amino acid residues) 
in aligned positions. FinaDy, the total mmiber of matches is divided by the total 
nxmiber of nucleotides (or amino acid residues) of the longer of the two sequences; 
and multiplied by 100 ta^ield the % identity of the first sequence towards the second 
sequence. 

A "promoter", within the meaning of the invention, is a DNA region, usually 
upstream of a gene or operon, which binds to RNA polymerase and/or directs RNA 
polymerase to the correct transcriptional start site and thereby permits the initiation 
of transcription. Other factors, affecting transcription ef&cacy can also bind to 
promoter regions or DNA regions close to the promoter regions. 

A "T7 promote", within the meaning of the invention, is a promoter of the T7 
bacteriophage. 

A "ribosome binding site", within the meaning of the invention, is a DNA region to 
coding for an RNA region to which a ribosome binds for initiation of translation. 

"Gram-positive", within the meaning of the invention, shall be imderstood as being a 
phenotypic trait of bacteria, which becomes manifest in that bacteria are stainable by 
the well known Gram staining procedure. 

A "reporter gene", within the meaning of the invention, shall be understood as being 
a DNA region codiag for a protein which, when expressed, is readily detectable, 
traceable, and/or measurable by methods already known in the art or by methods yet 
to be conceived. 
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"Operably linked", with respect to a gene of interest and a regulatory sequence, 
within the meaning of the invention, shall be understood as the gene of interest and 
the regulatory sequence being situated on a nucleic acid naolecule, such that the 
. regulatory sequence can exhert its regulatory effect on the expression of the gene of 
interest. 

A "luciferase", within the meaning of the invention, shall be understood as being any 
protein having luminescent prop.ertips,. A preferred luciferase is the firefly luciferase, 
more preferred the Photinus-luciferin 4-monooxygCTiase (ATP-liydrblyzing, 
EC 1.13.12.7) of Photinus pyralis. 

A "selection marker", within the meaning of the invention, shall be understood as 
being a DNA region that codes for a protein, conferring to an organism a phenotype 
which can be readily selected for. Preferred selection markers are genes conferring 
resistance to antibiotics or genes overcoming an auxotrophy of the organism. Other 
preferred selection markers change the physical appearance of the organism so that 
organisms expressing the selection marker can easily be distinguished fironl those that 
do not express the selection marker. 

An "origin of repUcation" with respect to a plasmid, within the meaning of the 
invention, shall be mderstood as being a DNA region which serves as a starling point 
for the repUcation of said plasmid in a host celL 

"Anti-microbial activity" with respect to a chemical or biological compound, within 
tihe meaning of the invention, shall be understood as being, e.g., the inhibiting effect 
of said compovmd towards noicrobial growth or proliferation or the mortif/ing efiFect 
of said compoimd with respect to a microbial species. Preferred compoxmds having 
anti-microbial activity have been collectively referred to as "antibiotics". 
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A "cell extract", within the nieaiiing of the invention, shall be imderstood as being 
any fraction of the cell's constituents which can be obtained from a sample of said 
cells, with or without the step of disrupting the cells. Preferred cell extracts are 
obtained from a cell debris after disruption of the cells. Other preferred cell extracts 
can be obtained by extraction procedures using* hydrophobic or hydrophilic extraction 
media. 

"S30 extracts", within the meaning of the invention, shall have the ordinariy meaning 
of this term, known to the person sldlled in the art. A preferred S30 extract is an 
extraiit prepared according to example 2 of the current j^plication. 

A "high-throughput" format, with respect to an assay or a screening method, within 
the meaning of the invention, shall be understood as being an assay format, suitable 
for carrying out large numbers of assays in parallel and/or in sequence. Preferred 
high-throughjput assays are performed on multiwell solid supports, such as 96-, 384-, 
1536-plates. Other preferred higji-throu^put assays are performed on solid supports 
applying nano-technology. 

The invention relates to: 

1. DNA material comprising either a T7 prpmoter or the xylA promoter, and a 
ribosome binding site from a Gram-positive bacterium, and a reporter gene, 
which is operably linked to the promoter. In a preferred embodiment, said 
DNA material is a plasmid. 

2. DNA material of coxmt 1, wherein the reporter gene is a luciferase. In a 
preferred embodiment of the invention, the luciferase is a fibrefly luciferase. 

3. DNA material of any of counts 1 or 2, wherein the plasmid additionally 
comprises a selection marker and/or an origin of replication. Preferred 
selection markers, are g^es conferring resistance to antibiotics, such as e.g., 
canamycin or ampicilliiL 
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4. DNA material of any of counts 1 to 3, wherein the DNA material comprises a 
sequence selected from the group comprising 

(i) . the sequence of SEQID.N0:5; 

(ii) a sequence at least 90% identical to SEQ ID NO:5; 

(iii) the sequence of SEQ ID NO:6; and 

(iv) a sequence at least 90% identical to SEQ ID NO:6. 

In other emhodiments of the invention^ the aequence identity xmder (ii) and (iv) above 
is at least 80%, 95%, 98%, or 99%. 

5. A method to determine whether a test substance has anti-microbial activity 
against Gram-positive bacteria, comprising the steps of 

(i) incubating the test substance with bacterial cell extract of a Gram- 
positive bacterium and the DNA material of any of counts 1 to 4; and 

(ii) detecting a signal resulting from the expression of said reporter gene. 

In a preferred embodiment of Ihe invention, T7 RNA polymerase is added to 
the incubation mixture of step (i), and the appUed DNA material comprises 
the T7 promoter. In another preferred embodiment, the signal detected is 
luminescence of the expression product of the reporter gene. 

6. The method of count 5 wherein the Gram-positive bacterium is 
Staphylococcus^ PneumococcuSy Enterococcus. 

7. The method of count 5 or 6, wherein said bacterial cell extract is a bacterial 
S30 cell extract 

8. The method of count 6 or 7, wherein said mcubation is on a multi-well plate, 
suitable for use in a plate reader. 
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Description of figures 

Figure 1 

shows promoter sequences and plasmid maps of the reporter plasmids pT7-FF (A) 
and pXyl"FF (B). In promoter sequences the promoter region, relevant restrictions 
sites, Shine-Dalgamo (SD) sequences and N-terminal regions of the firefly luciferase 
are shown. 

Figure 2 

•^jfhows' a Gram-positive in vitro coupled T/T assay using increasing concentrations of 
plasmid DNA template pXyl-FF (A) or pT7-FF (B). S30 extracts from S. aureus 133 

. (•), S, pneumoniae 1707/4 (■) oxE.faecalis 27263 (A) were used. Assay conditions 
were as described in Example 3. 

Figures 

shows a Gram-positive in vitro coupled T/T assay using increasing concentrations of 
S30 extracts from S. aureus 133 (•), S. pneumoniae 1707/4 (■) oxKfaecalis 27263 
(A). Assay conditions were as described in Example 3. 

Figure 4: 

shows dose-response inhibition profiles of various known antibiotics determined by 
the in vitro coupled T/T assay. Plasmid pT7-FF (A) or pXyl-FF (B) were used as a 
DNA templates and tested with S30 extracts from S. aureus 133 (A) or E. faecalis 
27263 (B). 
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Examples 

Example 1 : Construction of the Gram-positive luciferase reporter plasmids 

Plasmid pT7-FF was constructed using pET-23(H-) (Novagen) providing a T7 
promoter sequence, which was digested with Bamfll and Xhol. Plasmid pSAluc was 
constructed as described (2) and used as a template to amplify the jSrefly luciferase 
gene coELtaining the Gram-positive SD sequence from the S. aureus caplA promoter. 
Using the primer pair T7FF1 5'-GCGCC3GATCCAAAGGAAAATAGGAGG-3* 
-tSEQ ID NO:l) and T7FF2 5*-ATCCTGAAACTGACTGAACTAATTGAGTCG- 
3'(SEQ ID NO:2) a BamHE restriction site was introduced at the 5'-region of the 
firefly luciferase gene. The resulting 1.6 kb PGR product was digested with BaraHI 
and Xhol, the latter restriction site is present downstream from the fibrefly luciferase 
gene (2). The digested PGR product was ligated into the digested plasmid pET-23(+) 
and transformed into E. coli JM 110. 

Plasmid pBESTluc (Promega) providing the firefly luciferase genfe was used to 
construct plasmid pXyl-FF. pBESTluc was digested witibi Hfindlll and Xbal to remove 
the E. coli promoter and SD sequence. The xylA promoter from S. xylosus C2a 
(DSM 20267) was PGR amplified using the primers Xyll 5'- 
GCGGATTAAGCTTTTTGTGAAGGCAGTCGAATTC-3'(SEQ ID NO:3) intro- 
ducing a HiTidlTT site and Xyl2 5*- 
GCGGTCTAGAGGATAGAATGGCGCGGGGCGTTTGTTTATGTTTTTGGCGT 
CTTGGATAATATTCCTCCTAGATTTTAGTTGGTTAATTTAATAAAG-3*(SEQ 
ID NO:4). Primer Xyl2 encodes a Xbal site, the SD sequence from the S. xylosus 
xyLA. promoter and the 5*-end from the firefly luciferase gene. The resulting 0.4 kb 
PGR product was digested with HindHI and Xbal and ligated into the predigested 
plasmid pBESTluc prior to transformation into E. coli JM 110. 
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Example 2: Preparation of S30 extracts. 

A procedure similar to the preparation of S30 extracts described by Murray et al. (2) 
was used for'iSl aureus. Brain heart infusion (BHT) medium (6 1) was inoculated with 
250 ml overnight culture of S. aureus 133 grown in BHI at 3TC wdth agitation 
(170 rpm). Cells were cultured at 37''C until an ODsQSnm of 2.5 was reached prior to 
centrifiigation at 6000 x g for 15 min at 4°C. Pellets were washed once with 500 ml 
cold S30-buffer A (10 mM Tris-acetate pH 8.0, 14 mM Mg-acetate, 1 mM DTT, 1 M 
KCl) and once with 250 ml of cold S30-buffer. A containing 50 inM KCL Pellets 
were frozen for'l h at'~20*'C or ovemighf at -70°C, thawed oh ice and resu^ended 
to a final volume of 99 ml buffer B (10 mM Tris-racetate pH 8.0, 20 mM Mg-acetate, 
1 mM DTT, 50 mM KCl). A 1.5 ml aliquote of lysostaphin (0.8 mg/ml) in buffer B 
.was added to each of three centrifuge tubes and 33 mi of the cell suspension were 
added. Samples were incubated at 37°C for 1 h with gentle agitation prior to the 
addition of 150 fil 0.5 M DTT. Lysed cells were centrifiiged for 30 min at 30,000 x g 
at 4°C and the resulting pellet was washed once with 33 ml S30-buffer B. The pooled 
supematants were recentrifuged at 30,000 x g for 30 min at 4°C. 100 ml of the 
supernatant were incubated with 25 ml preincubation buffer (670 mM Tris-acetate 
pH 8.0, 20 mM Mg-acetate, 7 mM Na3-PEP, 7 mM DTT, 5.5 mM ATP, 70 \xM 
amino acids complete [PromegaJ, .75 }ig pyruvate kinase [Sigma]/ml) for 30 min at 
37°C to translate mGRNAs. The preincubated supematants were dialysed at 4*^C 
against 2 .1 of 10 mM Tris-acetate pH 8.0, 14 mM Mg-acetate, 1 mM DTT, 60 mM 
KCl with one buffer change using a Spectra-Por dialysis bag with a molecular weight 
cutoff of 3,500. The dialysate was gently concentrated by covering the dialysis bag 
with polyethylene glycol 8,000 powder (Sigma) at 4°C to a protein concentration of 
10 mg/ml. The resulting S30 extracts were flash frozen and stored in aliquots at - 
70°C. 

S, pneumoniae 1707/4 was grown ovraaight at 37**C on agar plates containing 5 % 
sheep blood under microaerophilic conditions. Cells were collected and inoculated 
into 4.8 1 of BHI medium containing 5 % bovine serum prior to cultivation at 37°C 
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under microaerophilic conditions for 5 h. S30 extracts were prepared as described for 
S. aureus 133 with some modifications. Cells were harvested and washed by 
centrifugation at 20,000 x g for 15 min. The resulting cell pellet was resuspended in 
20 ml buffer B, 3 mg lysozyme were added, incubated for 40 min at 37^C prior to the 
addition of 75 ^il 0.5 M DTT. The S30 sediment was washed with 8 ml buffer B and 
7 ml preincubation buffer were added to the pooled supematants. 

E. faecalis 26273 was grown overnight in 250 ml BHI medium containing 2 % 
bovine serum at 37°C imder microaerophilic cpn^ons. The oveiioight culture was 

* tised:^to''"ifiaculate 4.8 1 BHI medium, cells were" incubated at 37°C under* 
microaerophilic conditions with agitation (170 rpm) until an OD600nm of '-1.6 was 
reached. Preparation of S30 extracts was done as described for iSl aureus with the 
following exceptions. Cells were harvested and washed at 7000xg at 4°C for 12 min 

• and resuspended in 100 ml S30-buffer B. For cell lysis 15 mg lysozyme resuspended 
in 1 ml S3.0-buffer B were added and incubated for 2 h at 37°C with agitation. To 
complete cell lysis extracts were passed once through a French Press at 600 psi. 

Example 3: Gram-positive in vitro coupled transcription/translation assays. 
The final assay volume was 59 ^il. Inhibitor (3 |il dissolved in 10% DMSO), plasmid 
DNA (10 111 of optimal concentration in water pH 8.0) and 46 jil S30 extract [optimal 
concentration in 23 jil premixed with 23 jil incubation buffer (0.5 M potassium 
acetate, 87.5 mM Tris/acetate pH 8.0, 67.5 mSA ammonium acetate, 50 jig/ml folinic 
acid, 5 mM DTT, 87.5 mg/ml polyethylene glycol 8000, 5 mM ATP; 1.25 mM of 
each CTP, GTP .and UTP; 0.02 mM amino acids, 50 niM phosphoenolpyruvate 
trisodiimi salt, 2.5 mM cyclic AMP, 250 fig of each E. coli tElNA/ml) were added 
. and incubated at 30°C for 1 h. When using pT7-FF as a template 0.05 ^l or 0.1 ^il (50 
U/fil) T7-RNA-Polymerase (Gibco BRL) were added to the S30 extracts used in the 
assay. Newly synttiesized luciferase was detected by measuring bioluminescence for 
60 s in a luminometer after the addition of 50 yl substrate buffer containing luciferine 
(20 mM Tricine/Cl pH 7.8, 2.67 mM MgS04, 0.1 mM BDTA, 33.3 mM DTT, 0.27 
mM Coenzyme A, 0.47 mM luciferine, 0.53 mM ATP). 
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Example 4: Determination of the TniTiiTn inti inhibi tory concentration (MLO 
MIC determinations were performed using the micro broth dilution method with an 
inoculiun of 5 x 10^ cfu/ml in BHI medium. Growth was read after 24 h of incubation 
at 37°C. Test compounds were dissolved in dimethyl sulfoxide and diluted to a 
concentration not higher than 2.5 % dimethyl sulfoxide. For S, pneumoniae 11 01/ A 
and E, faecalis 27263 10 % bovine serum were added and incubated xmder 
microaerophilic conditions. 

EjcaarolerST'Vialidation of the assay 

To validate the in vitro coupled T/T assay for screening of potential inhibitors of 
transcription and translation several antibiotics of known mode of action were tested. 
All known inhibitors of protein biosynthesis showed IC50 values in the low jiM or 
uM range when tested with different templates and S30 extracts derived' from all 
three Gram-positives used in this work (Table 1). In contrast, inhibitors of cell wall 
biosynthesis, e. g. ampicillin and vancomycin, as well as the DNA gyrase inhibitor 
moxifloxacin showed no or only weak inhibition at high concentrations when tested 
in the in vitro coupled T/T assay (Table 1). The results clearly show the specificity of 
the developed assay for the detection of protein biosynthesis inhibitory compounds. It 
can also be seen that the usage of different templates resulted in similar IC50 values 
for a given bacterial species (Table 1). The IC50 values differed betwem the tested 
Gram-positive species in some cases: Erythromycin showed a lower IC50 when tested 
with the pneumococcal S30 extract compared to S, aureus 133 or E, faecalis 27263 
(Table 1). Synercid showed an increased IC50 value for E. faecalis 27263 in 
comparison to S. aureus 133 or S. pneumoniae 1101/4 (Table 1), which correlates 
with the spectrum gap of this dmg with regard to E. faecalis (6). Streptomycin was 
also less effectiye when tested with the enterococcal S30 extract (Table 1). 

Example 6: Validation with Rifampicin 

Rifampicin, known as an inhibitor of bacterial RNA polymerases, showed low IC50 
values in the nM range when transcription of luciferase was driven by the bacterial 
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xylA promoter encoded by pXyl-EF (Table 1). Since viral transcription is not 
inhibited by Rifampicin, no iaahibition of luciferase production was observed with 
pT7-FF as DNA template encoding the bacteriophage T7 promoter. Therefore, the 
mode of action of potential inhibitory compoimds can be distinguished with respect 
to transcription or translation when tested with both DNA templates. 

Example 7: Comparison of ICsq with MIC 

Regarding the correlation between the IC50 values and their corresponding MICs it 
can be seen that for most inhibitors the IC50 values are lower or in the range of the 
ivIIC'valnes'.TFdi^tetFacyclin a lower MIC compared to the IC50 value was found for S. 
aureus (Table 1). The reason for this is not clear, but might be due to the fact that 
enzymatic extracts are used in the in vitro coupled T/T assay rather than punbBed 
enzymes. The different protein translation inhibitors act on different sites during 
protein translation and the rate limiting step in the in vitro T/T assay is unclear. 

In general the IC50 values for known antibiotics deterinined with the described in 
vitro coupled T/T assay were highly reproducible and were comparable to recently 
published data for S. aureus in a similar assay system (2). For E. faecalis 27263 
increased or no MIC values were determined for most protein translation inhibitors 
despite the detection of low IC50 values (Tablel). It might be that this strain is 
resistent to these antibiotics due to reduced uptake or enhanced efflux mechanisms. 

The dose-response inhibition profiles for Synercid, Streptomycin, Tetracyclin and 
Chloramphenicol are shown in Fig. 4. The shape of the inhibition profiles is more or 
less similar for these compoimds, in case of Streptomycin the lower IC50 value ibr S. 
aureus 133 compared to E. faecalis 27263 can be seen. 
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